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ELECTRIC SYSTEM, CHARGING DEVICE
AND CHARGING METHOD FOR ELECTRIC
SYSTEM FOR DISCHARGING OF A POWER
STORAGE MECHANISM FOR RESETTING A

STATE OF A CHARGE

TECHNICAL FIELD

The present invention relates to an electric system, a charg-
ing device and a charging method for the electric system, and
particularly to a technique for discharge of a power storage
mechanism for resetting a state of charge thereof.

BACKGROUND ART

Conventionally, hybrid vehicles, electric vehicles and the
like have been known that run by driving force from an
electric motor. These vehicles have a battery mounted thereon
for storing electric power to be supplied to the electric motor
serving as a driving source. The battery is discharged or
charged, for example, in consideration of a state of charge of
the battery. The state of charge of the battery is calculated
based on a value of a current discharged from the battery, a
value of a current charged into the battery, a voltage of the
battery, and the like. That is, the state of charge is calculated
with an estimated value, which may result in a difference
between the calculated state of charge and the actual state of
charge. In order to increase accuracy of a state of charge,
therefore, techniques of initializing a state of charge of a
battery have been proposed.

Japanese Patent Laying-Open No. 2002-25631 discloses a
battery pack including a secondary battery, a detection unit
for detecting a charge/discharge current and/or a charge/dis-
charge voltage of this secondary battery, a state-of-charge
calculation unit for calculating a state of charge of the sec-
ondary battery based on the detected charge/discharge current
value and charge/discharge voltage value, and a display unit
for displaying a value of the calculated state of charge. This
battery pack further includes a state-of-charge display button
for causing, when pressed, a display unitto display the state of
charge of the secondary battery. When the state-of-charge
display button is pressed to satisfy a prescribed condition, the
state-of-charge calculation unit is initialized.

According to the battery pack described in this publication,
a switch mechanism for achieving the function of displaying
the state of charge of the secondary battery by displaying the
state of charge and the function of initializing the state-of-
charge calculation unit can be integrated into a single button,
thus eliminating the need for separately providing buttons
each including a switch mechanism for achieving each func-
tion. Accordingly, the number of components can be reduced,
thereby minimizing costs. Further, the sharing of the button
also reduces a required footprint by half as compared to an
example where buttons are separately provided on a case. As
a result, a degree of freedom in designing a shape of the
battery back is significantly increased.

In the battery pack described in Japanese Patent Laying-
Open No. 2002-25631, however, the state of charge cannot be
reset unless a user presses the button. Therefore, the state of
charge may remain unreset for a long time, which may dete-
riorate accuracy of the state of charge in a system where a
power storage mechanism may repeatedly be discharged and
charged frequently, for example.

DISCLOSURE OF THE INVENTION

An object of the present invention is to provide an electric
system, a charging device and a charging method for the
electric system capable of improving accuracy of a state of
charge.
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An electric system according to an aspect of the present
invention includes a power storage mechanism for storing
electric power, and a control unit. The control unit detects
connection of the power storage mechanism to an external
power supply, automatically causes the power storage mecha-
nism to discharge until a state of charge of the power storage
mechanism decreases to a predetermined value upon detect-
ing connection of the power storage mechanism to the exter-
nal power supply, and causes the power storage mechanism to
be charged after discharge of the power storage mechanism
until the state of charge of the power storage mechanism
decreases to the predetermined value.

According to this structure, when connection of the power
storage mechanism to the external power supply is detected,
the power storage mechanism is automatically discharged
until a state of charge of the power storage mechanism
decreases to a predetermined value. After the power storage
mechanism is discharged until the state of charge of'the power
storage mechanism decreases to the predetermined value, the
power storage mechanism is charged. Thus, the power storage
mechanism can be charged after the state of charge of the
power storage mechanism is automatically reset, thereby
improving accuracy of the state of charge.

Preferably, the power storage mechanism includes a first
power storage mechanism and a second power storage
mechanism connected in parallel to each other. The control
unit causes the first power storage mechanism and the second
power storage mechanism to discharge in an alternating man-
ner, so that electric power discharged from one of the power
storage mechanisms is charged into the other power storage
mechanism.

According to this structure, electric power discharged from
one of the power storage mechanisms is charged into the other
power storage mechanism. Thus, electric power loss in reset-
ting the state of charge of the power storage mechanism can
be minimized.

Still preferably, the control unit causes, during discharge of
one of the power storage mechanisms, the other power stor-
age mechanism to be charged with electric power supplied
from outside the electric system.

According to this structure, during discharge of one power
storage mechanism, electric power supplied from outside the
electric system is charged into the other power storage
mechanism. Thus, the power storage mechanism can be
quickly charged.

Still preferably, the power storage mechanism includes a
first power storage mechanism and a second power storage
mechanism connected in parallel to each other. The control
unit causes the first power storage mechanism and the second
power storage mechanism to discharge in an alternating man-
ner, so that, during discharge of one of the power storage
mechanisms, electric power supplied from outside the elec-
tric system is charged into the other power storage mecha-
nism.

According to this structure, during discharge of one power
storage mechanism, electric power supplied from outside the
electric system is charged into the other power storage
mechanism. Thus, the power storage mechanism can be
quickly charged.

Still preferably, the control unit causes the power storage
mechanism to discharge such that a rate of reduction in the
state of charge of the power storage mechanism varies
depending on at least any one of the state of charge and a
voltage of the power storage mechanism during discharge of
the power storage mechanism.

According to this structure, the power storage mechanism
is discharged such that a rate of reduction in the state of charge
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of'the power storage mechanism varies depending on at least
any one of the state of charge and a voltage of the power
storage mechanism during discharge of the power storage
mechanism. Thus, the power storage mechanism can be dis-
charged with a great rate of reduction when the state of charge
or the voltage is high as compared to an example where they
are low, and with a small rate of reduction when the state of
charge or the voltage is low as compared to an example where
they are high. Therefore, the state of charge can be quickly
reduced immediately after discharge is started, and the state
of charge can be gradually reduced when the state of charge is
in the vicinity of the predetermined value. As a result, dis-
charge can be quickly conducted, and accuracy of the state of
charge can be improved.

Still preferably, the control unit causes the power storage
mechanism to discharge such that a voltage thereof is con-
stant.

According to this structure, the power storage mechanism
is discharged such that a voltage thereof is constant. Thus, a
current discharged from the power storage mechanism can be
varied depending more on the state of charge than on the
voltage. As a result, by monitoring the current discharged
from the power storage mechanism, the state of charge of the
power storage mechanism can be accurately reduced to the
predetermined value.

Still preferably, the control unit determines whether to
permit or prohibit discharge of the power storage mechanism
in accordance with the state of charge of the power storage
mechanism.

According to this structure, whether to permit or prohibit
discharge of the power storage mechanism is determined in
accordance with the state of charge of the power storage
mechanism. Thus, discharge can be permitted if the state of
charge of the power storage mechanismis lower than a thresh-
old value, and can be prohibited if the state of charge is higher
than the threshold value. As a result, loss of the electric power
discharged from the power storage mechanism in order to
reset its state of charge can be decreased.

Still preferably, the power storage mechanism is mounted
on a vehicle for supplying electric power to a driving source.
The control unit stores information about discharge of the
power storage mechanism until the state of charge of the
power storage mechanism decreases to the predetermined
value, and controls the power storage mechanism during
travel of the vehicle based on the information.

According to this structure, the power storage mechanism
is mounted on a vehicle for supplying electric power to a
driving source. The power storage mechanism is controlled
during travel of the vehicle based on information about dis-
charge of the power storage mechanism until the state of
charge of the power storage mechanism decreases to the
predetermined value. For example, the power storage mecha-
nism is controlled to reduce its state of charge during travel of
the vehicle based on information indicating that discharge
was prohibited since the state of charge of the power storage
mechanism was higher than the threshold value. Accordingly,
a condition for resetting the state of charge can be satisfied.

Still preferably, the control unit stores information about
discharge of the power storage mechanism until the state of
charge of the power storage mechanism decreases to the
predetermined value during a first period, and causes the
power storage mechanism to discharge based on the informa-
tion when charging the power storage mechanism during a
second period later than the first period.

According to this structure, when charging the power stor-
age mechanism during a second period later than the first
period, the power storage mechanism is discharged based on
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4

information about discharge of the power storage mechanism
until the state of charge of the power storage mechanism
decreases to the predetermined value during the first period.
For example, based on information indicating that discharge
was suspended before the state of charge of the power storage
mechanism decreases to the predetermined value during the
first period, discharge is resumed with the state of charge at
the time of suspension. Thus, discharge can be quickly com-
pleted.

Still preferably, the power storage mechanism is a battery.

According to this structure, accuracy of the state of charge
of the battery can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic configuration diagram showing a
hybrid vehicle.

FIG. 2 is a functional block diagram of an ECU in a charg-
ing device according to a first embodiment of the present
invention.

FIG. 3 is a diagram (No. 1) showing a state of charge of a
first battery pack and a state of charge of a second battery
pack.

FIG. 4 shows relation between the state of charge and a
voltage value.

FIG. 5 is a flowchart showing a control structure of a
program executed by an ECU in the charging device accord-
ing to the first embodiment of the present invention.

FIG. 6 is a functional block diagram of an ECU in a charg-
ing device according to a second embodiment of the present
invention.

FIG. 7 is a diagram (No. 2) showing a state of charge of the
first battery pack and a state of charge of the second battery
pack.

FIG. 8 is a flowchart showing a control structure of a
program executed by the ECU in the charging device accord-
ing to the second embodiment of the present invention.

FIG. 9 is a functional block diagram of an ECU in a charg-
ing device according to a third embodiment of the present
invention.

FIG. 10 shows a current value.

FIG. 11 is a flowchart showing a control structure of a
program executed by the ECU in the charging device accord-
ing to the third embodiment of the present invention.

FIG. 12 is a functional block diagram of an ECU in a
charging device according to a fourth embodiment of the
present invention.

FIG. 13 isa flowchart (No. 1) showing a control structure of
a program executed by the ECU in the charging device
according to the fourth embodiment of the present invention.

FIG. 14 is a flowchart (No. 2) showing a control structure of
a program executed by the ECU in the charging device
according to the fourth embodiment of the present invention.

FIG. 15 is a functional block diagram of an ECU in a
charging device according to a fifth embodiment of the
present invention.

FIG. 16 is a flowchart (No. 1) showing a control structure of
a program executed by the ECU in the charging device
according to the fiftth embodiment of the present invention.

FIG. 17 is a flowchart (No. 2) showing a control structure of
a program executed by the ECU in the charging device
according to the fiftth embodiment of the present invention.

FIG. 18 is a flowchart (No. 3) showing a control structure of
a program executed by the ECU in the charging device
according to the fiftth embodiment of the present invention.
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BEST MODES FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will be described
below with reference to the drawings. In the following
description, the same components are designated with the
same characters, and their names and functions are also the
same. Accordingly, detailed description thereof will not be
repeated.

First Embodiment

Referring to FIG. 1, a hybrid vehicle having a charging
device for an electric system according to a first embodiment
of the present embodiment will be described. This hybrid
vehicle has an engine 100, an MG (Motor Generator) 200, an
inverter 300, a first converter 410, a second converter 420, a
first battery pack 510, a second battery pack 520, a charger
600, and an ECU (Electronic Control Unit) 1000 mounted
thereon. It is noted that ECU 1000 may be divided into a
plurality of ECUs.

The electric system includes MG 200, inverter 300, first
converter 410, second converter 420, first battery pack 510,
second battery pack 520, and charger 600. The hybrid vehicle
runs by driving force from at least any one of engine 100 and
MG 200.

MG 200 is a three-phase AC motor. MG 200 is driven by
electric power stored in first battery pack 510 and second
battery pack 520. MG 200 is supplied with electric power
having been converted from DC to AC by inverter 300.

The driving force from MG 200 is transmitted to wheels, so
that MG 200 assists engine 100, runs the vehicle by its driving
force, and the like. During regenerative braking of the hybrid
vehicle, on the other hand, MG 200 is driven by the wheels, to
operate as a generator. MG 200 thus operates as aregenerative
brake converting braking energy to electric power. The elec-
tric power generated by MG 200 is converted from AC to DC
by inverter 300, and then stored in first battery pack 510 and
second battery pack 520.

First battery pack 510 and second battery pack 520 are
assembled batteries formed by integrating a plurality of bat-
tery cells into a battery module, and further connecting a
plurality of the battery modules in series. A discharge voltage
from first battery pack 510 and a charge voltage into first
battery pack 510 are adjusted by first converter 410. A dis-
charge voltage from second battery pack 520 and a charge
voltage into second battery pack 520 are adjusted by second
converter 420.

Firstconverter 410 and second converter 420 are connected
in parallel. First converter 410 is connected to first battery
pack 510. Second converter 420 is connected to second bat-
tery pack 520. Thus, first battery pack 510 and second battery
pack 520 are connected in parallel via first converter 410 and
second converter 420. Inverter 300 is connected between first
converter 410 and second converter 420.

A positive electrode terminal and a negative electrode ter-
minal of first battery pack 510 are connected to charger 600.
Thus, first battery pack 510 and second battery pack 520 are
connected in parallel with respect to charger 600. It is noted
that capacitors (condensers) may be used instead of the bat-
teries.

When charging first battery pack 510 and second battery
pack 520, charger 600 supplies electric power to first battery
pack 510 and second battery pack 520 from outside the hybrid
vehicle. It is noted that charger 600 may be installed outside
the hybrid vehicle.

A voltage sensor 602 is provided in charger 600. A signal
indicating a voltage value detected by voltage sensor 602 is
transmitted to ECU 1000. Charger 600 is connected to an
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external power supply 608 via a charge connector 604 and a
charge plug 606. First battery pack 510 and second battery
pack 520 are connected to external power supply 608 via
charger 600.

Engine 100, inverter 300, first converter 410, second con-
verter 420, and charger 600 are controlled by ECU 1000.
ECU 1000 receives signals from voltage sensors 1011t0 1013
and current sensors 1021 to 1023.

Voltage sensor 1011 detects a voltage value of first battery
pack 510. Voltage sensor 1012 detects a voltage value of
second battery pack 520. Voltage sensor 1013 detects a sys-
tem voltage value (a voltage value of a section between first
converter 410 and second converter 420).

Current sensor 1021 detects a value of a current discharged
from first battery pack 510 or a value of a current charged into
first battery pack 510. Current sensor 1022 detects a value of
a current discharged from second battery pack 520 or a value
of a current charged into second battery pack 520. Current
sensor 1023 detects a value of a current supplied from charger
600 to first battery pack 510 and second battery pack 520.

ECU 1000 calculates states of charge (SOCs) of first bat-
tery pack 510 and second battery pack 520 based on the
voltage values, the current values and the like input from these
sensors. Well-known common techniques may be used as a
method of calculating the state of charge, and thus detailed
description thereof will not be repeated here.

Referring to FIG. 2, a function of ECU 1000 will be
described. It is noted that the function of ECU 1000 which
will be described below may be implemented with software,
or may be implemented with hardware.

ECU 1000 includes a discharge unit 1110, a charge unit
1112, and an external charge unit 1114.

When charger 600 is connected to external power supply
608, namely, when charging first battery pack 510 and second
battery pack 520, discharge unit 1110 automatically causes
first battery pack 510 and second battery pack 520 to dis-
charge until the states of charge of first battery pack 510 and
second battery pack 520 are reduced to areset value, as shown
in FIG. 3. After second battery pack 520 is discharged, first
battery pack 510 is discharged.

Discharge unit 1110 causes first battery pack 510 and sec-
ond battery pack 520 to discharge with a constant current
value, for example. When the battery pack is discharged with
the constant current value, the voltage of the battery pack is
determined correspondingly to its state of charge, as shown in
FIG. 4. Accordingly, when the voltage value of the battery
pack is reduced to a threshold value determined correspond-
ingly to the reset value, for example, it is determined that the
state of charge has been reduced to the reset value. When the
state of charge is reduced to the reset value, discharge is
stopped.

After the states of charge are reduced to the reset value,
ECU 1000 uses the reset value as an initial value in calculat-
ing the states of charge of first battery pack 510 and second
battery pack 520.

As shown in FIG. 3, charge unit 1112 causes first battery
pack 510 to be charged with electric power discharged from
second battery pack 520. After second battery pack 520 is
discharged until the state of charge of second battery pack 520
is reduced to the reset value, charge unit 1112 also causes
second battery pack 520 to be charged with electric power
discharged from first battery pack 510.

The electric power discharged from second battery pack
520 is charged into first battery pack 510 by making a voltage
onanoutput side of second converter 420 (a side to which first
converter 410 is connected) higher than a voltage on an output
side of first converter 410 (a side to which second converter
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420 is connected), for example. Conversely, the electric
power discharged from first battery pack 510 is charged into
second battery pack 520 by making the voltage on the output
side of first converter 410 higher than the voltage on the
output side of second converter 420. A charging method is not
limited as such.

During discharge of second battery pack 520, external
charge unit 1114 causes first battery pack 510 to be charged
with electric power supplied from outside the hybrid vehicle
via charger 600. During discharge of first battery pack 510,
external charge unit 1114 also causes second battery pack 520
to be charged with the electric power supplied from outside
the hybrid vehicle via charger 600.

Further, after first battery pack 510 is discharged until the
state of charge of first battery pack 510 is reduced to the reset
value, external charge unit 1114 causes first battery pack 510
and second battery pack 520 to be charged with the electric
power supplied from outside the hybrid vehicle via charger
600.

It is noted that first battery pack 510 and second battery
pack 520 are eventually charged until their states of charge
increase, for example, to a maximum value, i.e., “100%”.
Alternatively, the battery packs may be charged until their
states of charge increase to a value lower than the maximum
value.

Referring to FIG. 5, a control structure of a program
executed by ECU 1000 will be described. It is noted that the
program executed by ECU 1000 may be recorded onto
recording media such as CDs (Compact Discs), DVDs (Digi-
tal Versatile Discs) and the like, and distributed to the market.

At step (a step will be abbreviated as S hereinafter) 100,
ECU 1000 determines whether or not external power supply
608 for the hybrid vehicle has been connected to charger 600.
If external power supply 608 for the hybrid vehicle is con-
nected to charger 600 (YES at S100), the process proceeds to
S110. If not (NO at S100), this process ends.

It is detected whether or not external power supply 608,
such as a commercial power supply of AC 100V or AC 200V,
has been connected to charger 600. The connection may be
detected based on a voltage detected by voltage sensor 602
provided in charger 600, or may be detected through a switch
or the like which is physically turned on by charge plug 606
when charge plug 606 is inserted in a charge outlet provided
in an exterior of the vehicle. By combining these two meth-
ods, whether or not external power supply 608 has been
connected to charger 600 can be detected more reliably.

At S110, ECU 1000 causes second battery pack 520 to
discharge. At S112, ECU 1000 causes first battery pack 510 to
be charged with the electric power discharged from second
battery pack 520 and the electric power supplied from charger
600.

At S114, ECU 1000 determines whether or not the state of
charge of second battery pack 520 has been reduced to the
reset value. If the state of charge of second battery pack 520 is
reduced to the reset value (YES at S114), the process pro-
ceeds to

S116. If not (NO at S114), the process returns to S114. At
S116, ECU 1000 stops discharge of second battery pack 520.

At S120, ECU 1000 causes first battery pack 510 to dis-
charge. AtS122, ECU 1000 causes second battery pack 520 to
be charged with the electric power discharged from first bat-
tery pack 510 and the electric power supplied from charger
600.

At S124 ECU 1000 determines whether or not the state of
charge of first battery pack 510 has been reduced to the reset
value. Ifthe state of charge of first battery pack 510 is reduced
to the reset value (YES at S124), the process proceeds to
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S126. If not (NO at S124), the process returns to S124. At
S126, ECU 1000 stops discharge of first battery pack 510.

At 8130, an engine ECU causes first battery pack 510 and
second battery pack 520 to be charged with the electric power
supplied from charger 600.

The operation of ECU 1000 based on the above-described
structure and flowchart will be described.

As a result of repeated discharge from the battery pack or
charge into the battery pack during travel of the vehicle, an
error between the state of charge calculated by ECU 1000 and
the actual state of charge may increase. In order to eliminate
the error, when external power supply 608 for the hybrid
vehicleis connected to charger 600 (YES at S100), the state of
charge is automatically reset. That is, when charging first
battery pack 510 and second battery pack 520 by charger 600,
their states of charge are automatically reset.

In order to reset the states of charge, initially, second bat-
tery pack 520 is discharged (S110). Meanwhile, the electric
power discharged from second battery pack 520 and the elec-
tric power supplied from charger 600 are charged into first
battery pack 510 (S112). When the state of charge of second
battery pack 520 is reduced to the reset value (YES at S114),
discharge of second battery pack 520 is stopped (S116).

After second battery pack 520, first battery pack 510 is
discharged (S120). The electric power discharged from first
battery pack 510 and the electric power supplied from charger
600 are charged into second battery pack 520 (S122). When
the state of charge of first battery pack 510 is reduced to the
reset value (YES at S124), discharge of first battery pack 510
is stopped (S126).

Then, the electric power supplied from charger 600 is
charged into first battery pack 510 and second battery pack
520 (S130).

As described above, according to the charging device for
the electric system of the present embodiment, when charging
the battery pack, the battery pack is automatically discharged
until its state of charge is reduced to the reset value. After the
state of charge is reduced to the reset value, the battery pack
is charged. Consequently, the battery pack can be charged
after the state of charge of the battery pack is automatically
reset, thereby improving accuracy of the state of charge.

Second Embodiment

A second embodiment of the present invention will be
described below. The present embodiment is different from
the above-described first embodiment in that the battery pack
is discharged such that a rate of reduction in its state of charge
varies. The other structures are identical to those in the above-
described first embodiment, and thus detailed description
thereof will not be repeated.

Referring to FIG. 6, a function of ECU 1000 will be
described. It is noted that the function of ECU 1000 which
will be described below may be implemented with software,
or may be implemented with hardware.

As shown in FIG. 7, when the state of charge of the battery
pack being discharged is higher than a threshold value SOC
(2), namely, when the battery pack has a voltage higher than
a threshold value V(2), a discharge unit 1210 in the present
embodiment causes the battery pack to discharge such that a
current value is A(1). When the state of charge of the battery
pack being discharged is not higher than threshold value
SOC(2), namely, when the battery pack has a voltage not
higher than threshold value V(2), the battery pack is dis-
charged such that the current value is A(2) which is lower than
A(1). A rate of reduction in the state of charge is varied by
changing the current value during discharge. The other func-
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tions are identical to those in the above-described first
embodiment, and thus detailed description thereof will not be
repeated here.

Referring to FIG. 8, a control structure of a program
executed by ECU 1000 will be described. It is noted that the
same process steps as those in the above-described first
embodiment are designated with the same step numbers, and
thus detailed description thereof will not be repeated here.

At S210, ECU 1000 determines whether or not the state of
charge of second battery pack 520 is higher than threshold
value SOC(2). That is, it is determined whether or not second
battery pack 520 has a voltage higher than threshold value
V(2). If the state of charge of second battery pack 520 is
higher than threshold value SOC(2) (YES at S210), the pro-
cess proceeds to S212. If not (NO at S210), the process
proceeds to S214.

At S212, ECU 1000 causes second battery pack 520 to
discharge such that a current value is A(1). At S214, ECU
1000 causes second battery pack 510 to discharge such that
the current value is A(2) which is lower than A(1).

At S220, ECU 1000 determines whether or not the state of
charge of first battery pack 510 is higher than threshold value
SOC(2). That is, it is determined whether or not first battery
pack 510 has a voltage higher than threshold value V(2). If the
state of charge of first battery pack 510 is higher than thresh-
old value SOC(2) (YES at S220), the process proceeds to
S222. If not (NO at S220), the process proceeds to S224.

At S222, ECU 1000 causes first battery pack 510 to dis-
charge such that a current value is A(1). At S224, ECU 1000
causes first battery pack 510 to discharge such that the current
value is A(2) which is lower than A(1).

As in the above-described first embodiment, the electric
power discharged from second battery pack 520 is charged
into first battery pack 510. The electric power discharged
from first battery pack 510 is charged into second battery pack
520.

The operation of ECU 1000 in the charging device accord-
ing to the present embodiment based on the above-described
structure and flowchart will be described.

When external power supply 608 for the hybrid vehicle is
connected to charger 600 (YES at S100), it is determined
whether or not the state of charge of second battery pack 520
is higher than threshold value SOC(2) (S210).

If the state of charge of second battery pack 520 is higher
than threshold value SOC(2) (YES at S210), second battery
pack 520 is discharged such that the current value is A(1)
(S212). If the state of charge of second battery pack 520 is not
higher than threshold value SOC(2) (NO at S210), second
battery pack 510 is discharged such that the current value is
A(2) which is lower than A(1) (S214).

When the state of charge of second battery pack 520 is
reduced to the reset value (YES at S114), discharge of second
battery pack 520 is stopped (S116). When discharge of sec-
ond battery pack 520 is stopped, it is determined whether or
not the state of charge of first battery pack 510 is higher than
threshold value SOC(2) (S220).

If the state of charge of first battery pack 510 is higher than
threshold value SOC(2) (YES at S220), first battery pack 510
is discharged such that the current value is A(1) (S222).

If the state of charge of first battery pack 510 is not higher
than threshold value SOC(2) (NO at S220), first battery pack
510 is discharged such that the current value is A(2) which is
lower than A(1) (S224). When the state of charge of first
battery pack 510 is reduced to the reset value (YES at S124),
discharge of first battery pack 510 is stopped (S126). Then,
the electric power supplied from charger 600 is charged into
first battery pack 510 and second battery pack 520 (S130).
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As described above, according to the charging device for
the electric system of the present embodiment, the battery
pack s discharged such that the rate of reduction in its state of
charge varies. Therefore, the state of charge can be quickly
reduced immediately after discharge is started, and the state
of charge can be gradually reduced when the state of charge is
in the vicinity of the reset value. As a result, discharge can be
quickly conducted, and accuracy of the state of charge can be
improved.

Third Embodiment

A third embodiment of the present invention will be
described below. The present embodiment is different from
the above-described first embodiment in that the battery pack
is discharged such that a voltage value thereof is constant until
its state of charge is reduced to the reset value. The other
structures are identical to those in the above-described first
embodiment, and thus detailed description thereof will not be
repeated.

Referring to FIG. 9, a function of ECU 1000 will be
described. It is noted that the function of ECU 1000 which
will be described below may be implemented with software,
or may be implemented with hardware.

When the state of charge is higher than a threshold value
SOC(3), namely, when the battery pack has a voltage higher
than a threshold value V(3), a discharge unit 1310 in the
present embodiment causes the battery pack to discharge
such that a current value is constant, as shown in FIG. 10.
When the state of charge is not higher than threshold value
SOC, namely, when the voltage value of the battery pack is
reduced to threshold value V(3), the battery pack is dis-
charged such that a voltage value thereof is constant. That is,
the voltage value of the battery pack is maintained at thresh-
old value V(3).

Further, in the present embodiment, when a value of a
current discharged from the battery pack is reduced to a
threshold value which is determined correspondingly to the
reset value during discharge of the battery pack such that a
voltage value thereof'is constant, it is determined that the state
of charge has been reduced to the reset value. When the state
of charge is reduced to the reset value, discharge is stopped.
The other functions are identical to those in the above-de-
scribed first embodiment, and thus detailed description
thereof will not be repeated here.

Referring to FIG. 11, a control structure of a program
executed by ECU 1000 will be described. It is noted that the
same process steps as those in the above-described first
embodiment are designated with the same step numbers, and
thus detailed description thereof will not be repeated here.

At S310, ECU 1000 determines whether or not the state of
charge of second battery pack 520 is higher than threshold
value SOC(3). That is, it is determined whether or not second
battery pack 520 has a voltage higher than threshold value
V(3). If the state of charge of second battery pack 520 is
higher than threshold value SOC(3) (YES at S310), the pro-
cess proceeds to S312. If not (NO at S310), the process
proceeds to S314.

At S312, ECU 1000 causes second battery pack 520 to
discharge such that a current value is constant. At S314, ECU
1000 causes second battery pack 510 to discharge such that a
voltage value thereof is constant.

At S320, ECU 1000 determines whether or not the state of
charge of first battery pack 510 is higher than threshold value
SOC(3). That is, it is determined whether or not first battery
pack 510 has a voltage higher than threshold value V(3). If the
state of charge of first battery pack 510 is higher than thresh-
old value SOC(3) (YES at S320), the process proceeds to
S322. If not (NO at S320), the process proceeds to S324.
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At S322, ECU 1000 causes first battery pack 510 to dis-
charge such that a current value is constant. At S324, ECU
1000 causes first battery pack 510 to discharge such that a
voltage value thereof is constant.

The operation of ECU 1000 in the charging device accord-
ing to the present embodiment based on the above-described
structure and flowchart will be described.

When external power supply 608 for the hybrid vehicle is
connected to charger 600 (YES at S100), it is determined
whether or not the state of charge of second battery pack 520
is higher than threshold value SOC(3) (S310).

If the state of charge of second battery pack 520 is higher
than threshold value SOC(3) (YES at S310), second battery
pack 520 is discharged such that a current value is constant
(S312).

If the state of charge of second battery pack 520 is not
higher than threshold value SOC(3) (NO at S310), second
battery pack 510 is discharged such that a voltage value
thereof is constant (S314).

When the state of charge of second battery pack 520 is
reduced to the reset value (YES at S114), discharge of second
battery pack 520 is stopped (S116). When discharge of sec-
ond battery pack 520 is stopped, it is determined whether or
not the state of charge of first battery pack 510 is higher than
threshold value SOC(3) (S320).

If the state of charge of first battery pack 510 is higher than
threshold value SOC(3) (YES at S320), first battery pack 510
is discharged such that a current value is constant (S322).

If the state of charge of first battery pack 510 is not higher
than threshold value SOC(3) (NO at S320), first battery pack
510 is discharged such that a voltage value thereof is constant
(S324). When the state of charge of first battery pack 510 is
reduced to the reset value (YES at S124), discharge of first
battery pack 510 is stopped (S126). Then, the electric power
supplied from charger 600 is charged into first battery pack
510 and second battery pack 520 (S130).

As described above, according to the charging device for
the electric system of the present embodiment, the battery
pack is discharged such that a voltage value thereof is con-
stant. Therefore, the value of the current discharged from the
battery pack can be varied depending more on the state of
charge than on the voltage. As a result, by monitoring the
value ofthe current discharged from the battery pack, the state
of charge of the battery pack can be accurately reduced to the
reset value.

Fourth Embodiment

A fourth embodiment of the present invention will be
described below. The present embodiment is different from
the above-described first embodiment in that whether to per-
mit or prohibit discharge of the battery pack is determined in
accordance with the state of charge of the battery pack. The
present embodiment is also different from the above-de-
scribed first embodiment in that, if discharge of the battery
packs is prohibited, the battery packs are controlled such that
one of the battery packs of the states of charge of two battery
packs is preferentially discharged during travel of the vehicle.
The other structures are identical to those in the above-de-
scribed first embodiment, and thus detailed description
thereof will not be repeated.

Referring to FIG. 12, a function of ECU 1000 will be
described. It is noted that the function of ECU 1000 which
will be described below may be implemented with software,
or may be implemented with hardware.

ECU 1000 according to the present embodiment further
includes a determination unit 1400, a storage unit 1402, and a
control unit 1404. Determination unit 1400 determines
whether to permit or prohibit discharge of a battery pack for
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resetting its state of charge in accordance with the state of
charge of first battery pack 510 and the state of charge of
second battery pack 520. That is, it is determined whether to
permit or prohibit reset of the state of charge.

For example, when the state of charge of at least any one of
first battery pack 510 and second battery pack 520 is lower
than a threshold value SOC(4), discharge is permitted. On the
other hand, the states of charge of both of the battery packs are
equal to or higher than threshold value SOC(4), discharge is
prohibited. Threshold value SOC(4) is set, for example, to a
value half the maximum value of the state of charge of the
battery pack, i.e., “50%”.

A method of determining whether to permit or prohibit
discharge is not limited as such. Alternatively, discharge may
be permitted when the states of charge of both of the battery
packs are lower than threshold value SOC(4). Discharge may
be prohibited when the state of charge of at least any one of
first battery pack 510 and second battery pack 520 is equal to
or higher than threshold value SOC(4).

Still alternatively, discharge may be permitted when a sum
of'the state of charge of first battery pack 510 and the state of
charge of second battery pack 520 is not higher than a thresh-
old value. On the other hand, discharge may be prohibited
when a sum of the state of charge of first battery pack 510 and
the state of charge of second battery pack 520 is higher than
the threshold value. The threshold value is set, for example, to
the maximum value of the state of charge of first battery pack
510 or second battery pack 520, i.e., “100%”. The threshold
value is not limited as such.

If discharge for resetting the state of charge is prohibited,
storage unit 1402 stores the fact that discharge was prohib-
ited. If discharge is permitted, the fact that discharge was
permitted may be stored.

If discharge for resetting the state of charge is prohibited,
control unit 1404 controls the battery packs such that one of
the two battery packs is preferentially discharged during
travel of the vehicle. For example, the battery packs are con-
trolled such that only first battery pack 510 supplies electric
power to MG 200 until the state of charge of first battery pack
510 is equal to or lower than half the maximum value. A
method of controlling the battery packs is not limited as such.

Referring to FIG. 13, a control structure of a program
executed by ECU 1000 when charging the battery packs will
bedescribed. Itis noted that the same process steps as those in
the above-described first embodiment are designated with the
same step numbers, and thus detailed description thereof will
not be repeated here.

At S400, ECU 1000 determines whether or not the state of
charge of at least any one of first battery pack 510 and second
battery pack 520 is lower than threshold value SOC(4). If the
state of charge of at least any one of first battery pack 510 and
second battery pack 520 is lower than threshold value SOC(4)
(YES at S400), the process proceeds to S402. If not (NO at
S400), the process proceeds to S404.

At 8402, ECU 1000 permits discharge of the battery pack
for resetting its state of charge. At S404, ECU 1000 prohibits
discharge of the battery packs for resetting their states of
charge. At S406, ECU 1000 has prohibition of discharge
stored.

Referring to FIG. 14, a control structure of a program
executed by ECU 1000 during travel of the hybrid vehicle will
be described.

At S410, ECU 1000 determines whether or not discharge
of'the battery pack was prohibited during charge. If discharge
was prohibited (YES at S410), the process proceeds to S412.
If not (NO at S410), the process proceeds to S414.
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At 5412, ECU 1000 controls the battery packs such that
one of the two battery packs is preferentially discharged. At
S414, ECU 1000 controls the battery packs such that the two
battery packs are equally discharged.

The operation of ECU 1000 in the charging device accord-
ing to the present embodiment based on the above-described
structure and flowchart will be described.

When external power supply 608 for the hybrid vehicle is
connected to charger 600 (YES at S100), it is determined
whether or not the state of charge of at least any one of first
battery pack 510 and second battery pack 520 is lower than
threshold value SOC(4) (S400).

If the state of charge of at least any one of first battery pack
510 and second battery pack 520 is lower than threshold value
SOC4) (YES at S400), discharge of the battery pack for
resetting its state of charge is permitted (S402).

If the states of charge of both of the battery packs are equal
to or higher than threshold value SOC(4) (NO at S400),
discharge of the battery packs for resetting their states of
charge is prohibited (S404). The fact that discharge was pro-
hibited is stored (S406).

Consequently, when resetting a state of charge, at least part
ofelectric power discharged from one of the battery packs can
be charged into the other battery pack, thereby resetting the
state of charge without wasting the electric power. As a result,
loss of the electric power discharged from the battery pack in
order to reset the state of charge can be decreased.

If discharge is prohibited (YES at S410), the battery packs
are controlled such that one of the two battery packs is pref-
erentially discharged, so that discharge for resetting the state
of charge is permitted during the next charge (S412). Accord-
ingly, a condition for resetting the state of charge during the
next charge can be easily satisfied.

If discharge is permitted (NO at S410), on the other hand,
the battery packs are controlled such that the two battery
packs are equally discharged (S414).

As described above, according to the charging device for
the electric system of the present embodiment, discharge is
permitted if the state of charge of at least any one of the first
battery pack and the second battery pack is lower than thresh-
old value SOC(4). Discharge is prohibited if the states of
charge of both of the battery packs are equal to or higher than
threshold value SOC(4). Consequently, when resetting a state
of charge, at least part of electric power discharged from one
of'the battery packs can be charged into the other battery pack,
thereby resetting the state of charge without wasting the elec-
tric power. As a result, loss of the electric power discharged
from the battery pack in order to reset the state of charge can
bedecreased. Moreover, if discharge is prohibited, the battery
packs are controlled such that one of the two battery packs is
preferentially discharged during travel of the vehicle. Accord-
ingly, the condition for resetting the state of charge during the
next charge can be easily satisfied.

Fifth Embodiment

A fifth embodiment of the present invention will be
described below. The present embodiment is different from
the above-described first embodiment in that, if discharge of
a battery pack is suspended before its state of charge is
reduced to a reset value, regenerative charge (charge during
regenerative braking) to the battery pack during travel is
prohibited, and discharge of the battery pack is resumed dur-
ing the next charge. The other structures are identical to those
in the above-described first embodiment, and thus detailed
description thereof will not be repeated.

Referring to FIG. 15, a function of ECU 1000 will be
described. It is noted that the function of ECU 1000 which
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will be described below may be implemented with software,
or may be implemented with hardware.

ECU 1000 according to the present embodiment further
includes a storage unit 1500 and a prohibition unit 1502.

If discharge of a battery pack is suspended before its state
of charge is reduced to a reset value, storage unit 1500 stores
the fact that discharge was suspended (the fact that reset of the
state of charge was suspended), and information on the bat-
tery pack that was being discharged, the state of charge or a
voltage of that battery pack and the like. The information to be
stored is not limited as such.

For example, when external power supply 608 for the
hybrid vehicle is removed from charger 600 during reset of a
state of charge, discharge of the battery pack, i.e., reset of the
state of charge, is suspended.

If discharge of a battery pack is suspended before its state
of charge is reduced to a reset value, prohibition unit 1502
prohibits regenerative charge to the battery pack that was
being discharged.

If discharge for resetting the state of charge is suspended, a
discharge unit 1510 in the present embodiment resumes dis-
charge of the battery pack that was being discharged when
charging the battery pack next time. That is, the previous
discharge is continued with the state of charge or the voltage
at the time when discharge was suspended.

Referring to FIGS. 16 and 17, a control structure of a
program executed by ECU 1000 when charging the battery
packs will be described. Itis noted that the same process steps
as those in the above-described first embodiment are desig-
nated with the same step numbers, and thus detailed descrip-
tion thereof will not be repeated here.

At S510, ECU 1000 determines whether or not discharge
of second battery pack 520 was suspended during the previ-
ous charge. If discharge was suspended (YES at S510), the
process proceeds to S512. If not (NO at S510), the process
proceeds to S110.

At S512, ECU 1000 resumes discharge of second battery
pack 520. That is, the previous discharge is continued with the
state of charge or the voltage at the time when discharge was
suspended.

At S514, ECU 1000 determines whether or not discharge
of second battery pack 520 was suspended. If discharge was
suspended (YES at S514), the process proceeds to S516. If
not (NO at S514), the process returns to S114.

At5516, ECU 1000 stores the fact that discharge of second
battery pack 520 was suspended, and information on the state
of charge or the voltage of second battery pack 520 at the time
of suspension and the like. Then, this process ends.

At S520, ECU 1000 determines whether or not discharge
of first battery pack 510 was suspended during the previous
charge. If discharge was suspended (YES at S520), the pro-
cess proceeds to S522. If not (NO at S520), the process
proceeds to S120.

At S522, ECU 1000 resumes discharge of first battery pack
510. That s, the previous discharge is continued with the state
of charge or the voltage at the time when discharge was
suspended.

At S524, ECU 1000 determines whether or not discharge
of first battery pack 510 was suspended. If discharge was
suspended (YES at S524), the process proceeds to 5526. If not
(NO at S524), the process returns to S124.

At S526, ECU 1000 stores the fact that discharge of first
battery pack 510 was suspended, and information on the state
of charge or the voltage of first battery pack 510 at the time of
suspension and the like. Then, this process ends.
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Referring to FIG. 18, a control structure of a program
executed by ECU 1000 during travel of the hybrid vehicle will
be described.

At 8530, ECU 1000 determines whether or not discharge
of a battery pack was suspended during the previous charge.
If discharge was suspended (YES at S530), the process pro-
ceedsto S532. Ifnot (NO at S530), this process ends. At S532,
ECU 1000 prohibits regenerative charge to the battery pack of
which discharge was suspended.

The operation of ECU 1000 in the charging device accord-
ing to the present embodiment based on the above-described
structure and flowchart will be described.

If discharge of second battery pack 520 for resetting its
state of charge is suspended (YES at S514), the fact that
discharge of second battery pack 520 was suspended, and
information on the state of charge or the voltage of second
battery pack 520 at the time of suspension and the like are
stored (S516).

Likewise, if discharge of first battery pack 510 for resetting
its state of charge is suspended (YES at S524), the fact that
discharge of first battery pack 510 was suspended, and infor-
mation on the state of charge or the voltage of first battery
pack 510 at the time of suspension and the like are stored
(S526).

If discharge of a battery pack was suspended during the
previous charge (YES at S530), regenerative charge to the
battery pack of which discharge was suspended is prohibited
during travel of the hybrid vehicle (S532).

Thereafter, when external power supply 608 for the hybrid
vehicleis connected to charger 600 for recharging first battery
pack 510 and second battery pack 520 (YES at S100), it is
determined whether or not discharge of second battery pack
520 was suspended during the previous charge (S510).

If discharge of second battery pack 520 was suspended
(YES at S510), discharge of second battery pack 520 is
resumed (S512). If discharge of first battery pack 510 was
suspended (YES at S520), on the other hand, discharge of first
battery pack 510 is resumed (S522).

As described above, according to the charging device for
the electric system of the present embodiment, if discharge
for resetting a state of charge is suspended, discharge is
resumed with the state of charge or the voltage at the time
when discharge was suspended when charging the battery
pack next time. Therefore, discharge, namely, reset of the
state of charge, can be quickly completed.

Other Embodiments

The above-described first to fifth embodiments may be
combined in any manner.

It should be understood that the embodiments disclosed
herein are illustrative and non-restrictive in every respect. The
scope of the present invention is defined by the terms of the
claims, rather than the description above, and is intended to
include any modifications within the scope and meaning
equivalent to the terms of the claims.

The invention claimed is:

1. A charging method for an electric system including a
power storage mechanism for storing electric power, com-
prising the steps of:

detecting connection of said power storage mechanism to

an external power supply;

automatically causing said power storage mechanism to

discharge until a state of charge of said power storage
mechanism decreases to a predetermined value if con-
nection of said power storage mechanism to said exter-
nal power supply is detected;
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charging said power storage mechanism after discharge of
said power storage mechanism until the state of charge
of said power storage mechanism decreases to said pre-
determined value, wherein

said power storage mechanism includes a first power stor-

age mechanism and a second power storage mechanism
connected in parallel to each other,
said step of causing said power storage mechanism to
discharge includes the step of causing said first power
storage mechanism and said second power storage
mechanism to discharge in an alternating manner, and
said charging method further comprises the steps of

charging electric power discharged from said first power
storage mechanism into said second power storage
mechanism,

charging, during discharge of said first power storage

mechanism, electric power supplied from outside said
electric system into said second power storage mecha-
nism,

charging electric power discharged from said second

power storage mechanism into said first power storage
mechanism, and

charging, during discharge of said second power storage

mechanism, electric power supplied from outside said
electric system into said first power storage mechanism.

2. The charging method for an electric system according to
claim 1, wherein

said step of causing said power storage mechanism to

discharge includes the step of causing said power stor-
age mechanism to discharge such that a rate of reduction
in the state of charge of said power storage mechanism
varies depending on at least any one of the state of charge
and a voltage of said power storage mechanism during
discharge of said power storage mechanism.

3. The charging method for an electric system according to
claim 1, further comprising the step of determining whether
to permit or prohibit discharge of said power storage mecha-
nism in accordance with the state of charge of said power
storage mechanism.

4. The charging method for an electric system according to
claim 1, wherein

said power storage mechanism is mounted on a vehicle for

supplying electric power to a driving source, and

said charging method further comprises the steps of storing

information about discharge of said power storage
mechanism until the state of charge of said power stor-
age mechanism decreases to said predetermined value,
and controlling said power storage mechanism during
travel of said vehicle based on said information.

5. The charging method for an electric system according to
claim 1, further comprising the step of storing information
about discharge of said power storage mechanism until the
state of charge of said power storage mechanism decreases to
said predetermined value during a first period, wherein

said step of causing said power storage mechanism to

discharge includes the step of causing said power stor-
age mechanism to discharge based on said information
when charging said power storage mechanism during a
second period later than said first period.

6. The charging method for an electric system according to
claim 1, wherein

said power storage mechanism is a battery.

7. A charging device for an electric system including a
power storage mechanism for storing electric power, com-
prising:

means for detecting connection of said power storage

mechanism to an external power supply;
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discharge means for automatically causing said power stor-
age mechanism to discharge until a state of charge of
said power storage mechanism decreases to a predeter-
mined value if connection of said power storage mecha-
nism to said external power supply is detected;

means for charging said power storage mechanism after
discharge of said power storage mechanism until the
state of charge of said power storage mechanism
decreases to said predetermined value, wherein

said power storage mechanism includes a first power stor-
age mechanism and a second power storage mechanism
connected in parallel to each other,

said discharge means includes means for causing said first
power storage mechanism and said second power stor-
age mechanism to discharge in an alternating manner,
and said charging device further comprises

means for charging electric power discharged from said
first power storage mechanism into said second power
storage mechanism,

means for charging, during discharge of said first power
storage mechanism, electric power supplied from out-
side said electric system into said second power storage
mechanism,

means for charging electric power discharged from said
second power storage mechanism into said first power
storage mechanism, and

means for charging, during discharge of said second power
storage mechanism, electric power supplied from out-
side said electric system into said first power storage
mechanism.

8. The charging device for an electric system according to

claim 7, wherein

said discharge means includes means for causing said
power storage mechanism to discharge such thatarate of
reduction in the state of charge of said power storage
mechanism varies depending on at least any one of the
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state of charge and a voltage of said power storage
mechanism during discharge of said power storage
mechanism.

9. The charging device for an electric system according to
claim 7, wherein

said discharge means includes means for causing said

power storage mechanism to discharge such that a volt-
age thereof is constant.

10. The charging device for an electric system according to
claim 7, further comprising means for determining whether to
permit or prohibit discharge of said power storage mechanism
in accordance with the state of charge of said power storage
mechanism.

11. The charging device for an electric system according to
claim 7, wherein

said power storage mechanism is mounted on a vehicle for

supplying electric power to a driving source, and

said charging device further comprises means for storing

information about discharge of said power storage
mechanism until the state of charge of said power stor-
age mechanism decreases to said predetermined value,
and means for controlling said power storage mecha-
nism during travel of said vehicle based on said infor-
mation.

12. The charging device for an electric system according to
claim 7, further comprising means for storing information
about discharge of said power storage mechanism until the
state of charge of said power storage mechanism decreases to
said predetermined value during a first period, wherein

said discharge means includes means for causing said

power storage mechanism to discharge based on said
information when charging said power storage mecha-
nism during a second period later than said first period.

13. The charging device for an electric system according to
claim 7, wherein

said power storage mechanism is a battery.
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